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SUMMARY 

The Army is considering the use of multiengine heavy-lift helicopters in 
its future aviation program.    The engine load-sharing characteristics of 
the CH-54A Skycrane helicopter were investigated to determine if unequal 
load sharing would be a significant problem.    Torque-split samples were 
selected from 67 hours of flight-load data.    The parameters measured and 
recorded on oscillograph records were airspeed,  altitude,   engine gas 
producer   rpm,  engine torque,  main rotor rpm,  vertical acceleration at 
aircraft center of gravity,  and outside air temperature.    The gross weight 
at takeoff and landing and the barometric pressure were measured and 
recorded as supplemental data.    The data were presented in a series of 
frequency-of-occurrence graphs; variation in torque splits was indicated 
with the other measured parameters.    The analysis of the data indicates 
that the engine load splitting is significant at takeoff and landing and should 
be investigated further. 
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INTRODUCTION 

The development of a helicopter having more than two engines is currently 
of interest to the U.  S.  Army.    In order to design such an aircraft,   it is 
necessary to know how several helicopter engines behave if they share the 
same load. 

The CH-54A Skycrane has two engines,  and its primary mission function 
of carrying heavy loads corresponds to that of the proposed multiengine, 
heavy-lift helicopter.    Because of these two characteristics,  the Skycrane 
helicopter was the aircraft selected for this study on engine load sharing. 

Four helicopters were used as data sources for this report.    Tests were 
conducted under a variety of flying conditions. 

An oscillograph recorder system was used to record data on the following 
parameters:    airspeed,   altitude,   main rotor rpm,   engine gas producer 
rpm,   engine torque,  and outside air temperature; also,   vertical acceler- 
ation at the aircraft's center of gravity, barometric pressure,  and air- 
craft gross weight were measured as supplemental data. 

The data were scanned to find areas where the torque split between the 
two engines was significant.    All of the other parameters were tabulated 
at this time,  and an attempt was made to correlate torque split with the 
variation in the other parameters. 
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OBJECTIVES 

Following are the objectives of this study: 

1. To determine if an appreciable torque split occurs on multiengine 
helicopters and,  if   so,   the magnitude of these splits. 

2. To determine which flying conditions produce the highest fre- 
quency of torque splits. 

3. To make recommendations as to what future tests should be con- 
ducted to establish reliable design criteria for multiengine heli- 
copters. 
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PROCEDURES 

INS TRU MEN TA TION 

The engine parameters,   torque and gas producer rpm,   were obtained by 
tapping the aircraft systems,   and special circuitry was added before the 
signals were fed into the oscillograph recorder (see Figures land 2, pages 
18 and 19).    The other parameters were obtained as follows:   the airspeed, 
by tapping the aircraft pitot system and by attaching a differential pressure 
strain-gage-type transducer; the altitude,  by tapping the aircraft static 
pressure system and by attaching an absolute pressure strain-gage trans- 
ducer; the outside air temperature (OAT),  by   gluing  a resistance-type 
ribbon thermometer to the underside of the aircraft; the two stick positions, 
by attaching potentiometers to the sticks; the main rotor rpm,  by tapping 
the output of the aircraft tachometer generator and by adding special 
circuitry; the vertical acceleration at the aircraft center of gravity,  by 
mounting a strain-gage-type accelerometer at a position on the side of the 
main cargo-hook well.    In addition to the flight parameters, the oscillograph 
made a record of aiicraft voltage and chart speed (see Figure 3, page 20). 

DATA REDUCTION 

Sample Selection 

In order to investigate the engine load-sharing characteristics of the 
CH-54A Skycrane helicopter,   sample data points were selected from among 
67 hours 6 minutes of flight-load oscillograph records. 

Areas to be analyzed were found by scanning each record in search of sec- 
tions in which significant splits had occurred between the gas producer 
rpm for each engine and the torque for each engine.    Indications of un- 
balanced load sharing were found in cruising,  hover,   takeoff,  and landing 
sections of records, but most frequently the unequal load sharing occurred 
during takeoff and landing segments. 

The torque-split data were selected on the basis of extreme conditions.    If 
a record contained one torque split of 20 percent and another of 40 percent, 
only the data indicating the greater imbalance of load sharing were to be 
calculated. 

T""1-»» 
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i This load-sharing report is not meant to be a time history; however,   the 
sum of the time included in torque-split samples is  140. 8 minutes.    This 
time represents 3. 5 percent of the 67 hours 6 minutes from which data 
were selected. 

The data samples that were calculated usually consisted of one point pre- 
ceding and one following the unbalanced load-sharing section of data.     The 
preceding and following points were selected at a time when a steady-state 
load-sharing condition was in effect.    From one to five data points were 
taken during the active load-sharing condition,  depending upon how much 
variation was experienced.    Maximum torque splits or sharply changing 
torque traces determined when the calculations were to be made. 

During severed landing samples,   it was impossible to calculate    a follow- 
ing point in the steady-state condition because the recorder was cut off 
soon after landing without allowing a steady condition to be reestablished. 

The data samples taken at each point include a time,   in minutes,   from the 
beginning of the flight and a gross weight for that time based on a known 
takeoff gross weight and fuel consumption rate.    Outside air temperature 
and pressure altitude channels were monitored,   and from this information, 
density altitudes were calculated.    The main rotor rpm,   the torques from 
each engine,   and the gas producer rpm for each engine were also calculated 
for each sample point. 

Data Processing 

After the data samples were selected for analysis,   the individuell points 
were calculated for tabulation.    The oscillograph record contained a 
reference trace,  and measurements were made to determine how much 
deflection existed between each active channel and the reference.    This 
deflection was compared with the amount of deflection existing at a zero 
point or known magnitude point for each channel.    A calibration factor was 
applied to the difference betv/een deflections of a known magnitude point 
and a data sample point to calculate the physical magnitude of the quantity 
being measured.    This method of calculation was used for everything 
except gross weight and time. 

The oscillograph chart speed was set at 4 inches per minute,  but the 
actual rate was slightly slower or faster.    To obtain a time calibration, 
the technician turned the voltage off for a known time while the recorder 
chart was running.    The ratio of the length of chart run in a known time 
to the distance it should have run at the rate of 4 inches per minute yielded 



a multiplying factor with which to calculate the correct chart speed.     This 
was calculated to the nearest . 1 minute.    When a record was edited for 
processing,  a template was used which marked time panels as if the 
4-inch-per-minute chart speed were always in effect.    Later,  when the 
data were calculated and analyzed,  the time correction factor was applied. 
The gross weights were calculated by using a supplemental data sheet, 
which accompanied each record.    The takeoff gross weight and the fuel 
consumption rate were listed by the technician in the field.    To calculate 
the gross weight at any known time,  the fuel consumption rate was multi- 
plied by the time from takeoff,   and this weight was subtracted from the 
gross takeoff weight.    Any cargo pickups or drops were added to or sub- 
tracted from the weight calculated on the basis of fuel consumption. 

To illustrate,   sample calculation 30,  point 1,   flight A35 follows: 

TIME 

Time panel,   55. 0 minutes 
Volts off,  60 seconds 
Length of deflected voltage trace,   3. 85 inches 
Theoretical length of trace,   4. 00 inches 

rp. ,        r     . 4.00 inches        ,   ^.-^        , Time correction factor   =     =   1. 039 inches 
3. 85 inches 

True time  =  (time panel) (time correction factor) 
True time  =  (55. 0) (1. 039)  = 57.15 
True time to nearest . 1 minute  =  57. 1 minutes 

GROSS WEIGHT 

The takeoff gross weight was listed as 32, 8 30 pounds; the fuel con- 
sumption rate,  as 56. 0 pounds per minute.    The amount of fuel used 
in 57. 1 minutes,   at 56. 0 pounds per minute,  was 3, 198 pounds. 
Since no loads were picked up or dropped,   the gross weight at 57. 1 
minutes was Z9. 632 pounds (32, 830 - 3, 198). 

TORQUE 

To calculate the torque on each engine,   the deflection of each torque 
trace from the reference was measured with zero torque applied.    In 
this case,   the deflection was 1.88 inches for torque 1 and 1.81 inches 
for torque 2.    At 57. 1 minutes,  the deflections of torques 1 and 2 
from the reference were 1.59 inches and 1.67 inches,   respectively. 
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The difference in deflections from the zero loading condition was pro- 
portioned to the torque applied on each engine.    The slopes on the 
torque measuring instruments for engines 1 and 2 were,   respectively, 
1. 250 percent per . 01 -inch deflection and 1.316 percent per .01 -inch 
deflection.    From this information,  the following calculations were 
made: 

Torque 1:   (1. 88 in.   - 1. 59 in. ) (1. 250 pet/. 01 in.)  = 36. 3 pet 

Torque 2;   (1.86 in.   - 1. 67 in. ) (1. 316 pet/. 01 in. )  =  25. 0 pet 

Torque split:    36. 3 pet - 25.0 pet  =  11. 3 pet 

GAS PRODUCER RPM 

For each engine,  the gas producer rpm (4Nj) was calculated similarly 
to the torque. 

MAIN ROTOR RPM 

The main rotor rpm (4Nll) was calculated in much the same manner 
as were the torque and the gas producer rpm. 

AIRSPEED 

The method of calculating airspeed varied slightly from that used in 
calculating the preceding parameters.    A differential pressure 
measuring instrument was used in conjunction with a table of differ- 
ential pressures and airspeeds to calculate airspeed.    At 57. 1 
minutes,  the airspeed trace was , 65 inch from the reference.    The 
calibration factor for the pressure measuring instrument in .use was 
. 925 inch of mercury.    The calibration pulse with a known resistance 
in the circuit was a . 74-inch deflection; therefore,  the calibration 
constant was . 925 inch of mercury per . 74-inch deflection.    Following 
are the steps used to calculate a pressure difference due to airspeed: 

Pressure differential   =  (.65 in.   - . 28 in. ) (.925 in.   Hg/ 
. 74 in.  deflection)   =  . 46 in.   Hg 

From a table of differential pressures in inches of mercury and 
velocities in knots,   interpolation will yield the airspeed in knots, 
as follows: 



0. 46 in.   Hg = 97. 6 knots 

Figure 3 (see page 20) shows a reproduction of the segment of an oscil 
lograph record from which sample 30 was calculated. 

i 
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RESULTS 

N    H-- The 59 samples included 219 data points (see Table I).    Figures have been 
A*L-' generated to show frequency of occurrence by ranges of torque split,   air- 

speed,  gross weight,  gas producer rpm split,  and main rotor rpm. 
Average torque versus frequency of occurrence was also plotted over a 
series of torque-split ranges.    The average torque was found by adding 
the torques of each engine and then dividing by two.    These histograms 
are shown as Figures 4 through 49 (see pages 21 through 42). 

The plot of frequency of occurrence versus ranges of torque splits indi- 
cates that nearly half of the torque-split sample points are in the 0- to 10- 
percent-torque-split range.    This distribution occurred because of the 
manner in which sample points were selected.    The relatively steady pre- 
ceding and following points for each sample had only slight torque splitting. 
For greater torque splits,   the frequency of occurrence was inversely pro- 
portioned to the magnitude of the torque split. 

A close correlation is indicated between the graph showing a variation in 
gas producer rpm versus frequency of occurrence and the graph showing 
a variation in torque split versus frequency of occurrence.    The gas pro- 
ducer rpm splits are the least where the frequency is the greatest, just as 
the torque splits are the least where the frequencies are the highest. 

The curve showing main rotor rpm versus frequency of occurrence indi- 
cates that nearly three-fourths of the sample points are in the 184. 1- to 
194. 0-rpm range.    Since the 100-percent rpm condition for the CH-54A is 
185 rpm,  this distribution is to be expected. 

Nearly three-fourths of the sample points arranged by ranges of gross 
weights fell into the 24,000- to 32, 000-pound category.    Since the gross 
weight of the Skycrane with a full load of fuel and with a complete crew is 
approximately 29, 000 pounds, the sample distribution is not unexpected. 
Because so many points were selected under takeoff or landing conditions, 
nearly half of the sample points were included in the airspeed range of 0 to 
10. 0 knots.    Over one-fourth of the points were between 80 and 110 knots, 
which is the normal operating speed range of the aircraft. 

The distribution of ranges shown on the graphs for average torque versus 
frequency of occurrence places nearly three-fourths of the data points at 
from 7-0-percent to 40-percent average torque. 

All of the above-mentioned plots have been broken down further by ranges 
of torque splits,   and inspection of the figures will show trends that 
occurred. 

8 



TABLE I 

INVESTIGATION OF HEAVY-LIFT HELICOPTER ENGINE LOAD SHARING 
1  

Out- 
Den- side 

Sam Gross Tor que Gas Pi •oducer Main Air- sity Air 
pie Acft Fit Time Wt 1 2 1 2 Rotor speed Ah Temp 
Mo. No. No. (min) (lb) (pet) (pet) (rpm) (rpm) (rpm) (kn) (ft) (0F) 

1 205 All 0.0 29,000 0. 0 24.6 11,092 13.332 189. 9 0. 0 143 61 
1 205 All 0.2 29,000 27.6 55. 1 13,976 14.912 193. 1 0. 0 -12 60 

1    l 205 All 1.0 29,000 50.8 40.6 14.253 14,386 189. 9 82. 0 717 52 

I   1 '.05 All 18.6 27,200 1.5 23.2 10.981 13,099 189. 9 0. 0 -183 49 
1 20s All 18. 7 27,200 17.4 47.8 13,033 14.854 188. 1 0. 0 401 59 

\   2 205 All 18.7 27,200 53.6 29.0 14.863 13,801 189.9 0. 0 436 59 

1    2 205 All 19. 3 27,200 59.4 43.5 14.808 14,737 189.9 91. 0 651 60 

3 205 A12 0.0 28,800 27.6 0.0 13,699 10.926 188. 1 0.0 941 73 
3 205 A12 0.7 28,800 2. 9 34.8 11.147 13.743 189. 3 0.0 832 72 
3 205 A12 0.9 28,800 66.7 14.5 15.695 12.807 192.4 0. 0 809 72 1   3 

205 A12 1.4 28,900 43. 5 37.7 14,253 14.503 193. 1 34. 1 859 71 

4 205 A12 77. 1 25,700 26. 1 24.6 13,089 13.743 191.8 86.8 1447 68 
4 205 A12 77.7 25,700 4.4 26. 1 11.092 13.099 191.2 53.8 966 70 
4 205 A12 78. 1 25,700 0. 0 46.4 5.546 15.088 203. 1 11.6 708 69 

I    4 205 A12 79.0 25,700 18. 8 30.4 12.922 13.918 191.8 17.6 689 68 

5 202 A13 0.0 24,600 39.6 4. 1 13,834 11.536 181. 1 0. 0 -288 55 
5 202 A13 0.6 24,600 50. 5 12.4 14.483 12.528 188.7 0. 0 -265 55 
5 202 A13 0.2 24,600 13.6 39.9 11,997 15.086 19'. 3 12. 1 ■109 57 
5 202 A13 1.0 24,600 34. 1 39.9 13.942 14.564 190.5 91. 1 747 62 

\   6 202 A13 9.5 24,400 30. 0 31.7 13.294 14,146 191.8 0. 0 10 55 
i   6 202 A13 9.9 41,600 57. 3 59.2 15,293 16,286 181. 1 0. 0 33 55 

!   6 202 A13 10.5 41,600 50. 5 59.2 14.591 15.817 189.9 24. 5 189 57 

1   7 
203 A56 4.2 38.300 37.5 30. 3 14,678 14,633 190. 3 91. 0 1882 73 

7 203 A56 4.5 38,300 75.0 0.0 16,885 9.455 195.7 88. 2 1916 73 

1    7 203 A56 5.2 38,300 91.2 0.0 17,061 9.568 174. 1 96. 0 2021 73 
r 203 A56 5.8 38,300 37.5 40.8 14,512 15,477 186.9 92.2 1963 73 
7 203 A56 7.2 38,300 0.0 81.6 9.767 17.390 174. 1 64. 0 1905 73 

i    7 203 A56 8.0 38.300 37. 5 40.8 14.678 15.252 184.9 86. 2 2033 73 
7 203 A56 8.6 38.300 31.2 35.5 14.402 14.745 191  7 94. 1 2371 73 

8 202 A14 1.4 42.600 32.7 31.7 15,510 14.564 190. 5 0. 0 126 51 

8 202 A14 2.0 42,600 68.2 71.6 15,564 16.652 186. 1 0. 0 -9 49 

8 202 A14 2.5 42.600 68.2 64.8 15.672 16,756 186. 1 0. 0 26 49 
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TABLE I - contd. 

Out- 
Den- side 

Sam- Gross Tor que Gas   P roducer Main Air- sity Air 
ple Acft Fit Time Wt 1 2 1 2 Rotor speed Alt Temp 
No. No. No. (min) (lb) (pet) (pet) (rpm) (rpm) (rpm) (kn) (ft) (0F) 

9 202 A16 17.6 41,700 23.2 26.2 13,456 13,781 194. 9 49.6 1457 64 

9 202 A16 18. 1 41,700 51.8 66. 1 15,618 16,339 189.9 4. 1 1223 62 

9 202 A16 18.5 41,.'00 21.8 30. 3 13,618 14,564 192.4 0.0 1076 61 

9 202 A16 18.8 41,700 31.4 38.6 14,375 14,929 193.7 59.4 257 61 

10 203 A62 62.9 31,100 30.0 27.6 14,236 14,183 193. 0 76.8 3770 88 
10 203 A62 63.8 31,100 12. 5 22.4 13,188 13,507 193.0 45.5 3441 88 
10 203 A62 64.3 31,100 15. 0 27. 1 13,354 13,170 193.7 15.7 3124 87 
10 203 A62 64.9 31,100 32.5 35.5 14.347 14,858 192. 3 0.0 2696 84 

11 203 A63 87.5 28,700 30.0 34.2 14,623 14,183 191.7 90.0 2782 79 
11 203 A63 88.4 28,700 6. 3 11.8 11,698 12,494 190. 3 50.0 1994 79 
11 203 A63 89.2 28,700 32.0 30. 3 14,347 14,408 192. 3 0.0 1775 81 

12 203 A55 2.6 38,500 40.0 35.5 14,678 14,633 188, C 80.4 1259 64 
12 203 A55 2.8 38,400 82.0 1. 3 17,051 8,217 184.0 82.5 1259 62 
12 203 A55 4. 1 38,400 31.2 46. 1 14,457 15,139 193.4 56.0 368 64 
12 203 A55 4.9 38,300 41.2 38.2 14,843 15,027 191. 0 71.0 778 63 

13 2U3 A55 18. 2 37,600 40.0 34.2 14,843 14,745 188. 3 95.8 1773 66 
13 203 A55 18.4 37,600 0.0 65.8 10,043 16,940 200.5 90.6 1820 66 

14 204 A80 3.8 29,600 33.8 39.5 15,009 14,802 196. 5 7.9 2579 95 
14 204 A80 3. 9 29,600 1. 3 72.4 10,263 17,165 193. 2 0.0 2541 94 

15 204 A80 12. 5 29.200 55.0 30. 3 16,278 14,183 195.2 111.7 1862 78 
15 204 A80 12.7 29,200 12.5 56. ( 12,581 16,265 191. 1 108.0 1874 78 
15 204 A80 12.9 29.100 40. 0 36.8 15.340 14,520 193. 2 108.6 1862 78 

16 204 A80 89.8 25,300 33.8 29.0 14,678 14,014 197. 2 86. 3 3533 87 
16 204 A80 90.4 25,300 78.8 6.6 17,823 10, 187 184. 4 72.2 3644 84 
16 204 A80 90. 9 25,300 41.2 40.8 14,788 15.139 189. 1 81.8 4188 81 
16 204 A80 92.7 25,200 2.5 81.6 9,712 17,784 181. 0 77. 3 4342 78 
16 204 ASO 94.2 25,100 7.5 17. 1 12,691 13,282 205. 3 83. 3 3672 75 
16 204 A80 95. 1 25,100 76.2 5. 3 17,768 10,412 181. 0 62. 9 3799 78 

16 204 A80 95.9 25,000 13.8 18.4 12,526 13,789 204. 6 73.5 3476 78 
16 204 A80 97. 1 25,000 25.0 27.6 14,236 13,901 194. 5 87.0 2809 83 
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TABLE I - contd. 

Out- 
Den- side 

Sam- Gross Torque Gas Producer 'vlain Air- sity Air 
ple Acft Fit Time Wt 1 2 1 2 Rotor speed Alt Temp 
No. No. No. (min) (lb) (pet) (pet) (rpm) (rpm) (rpm) (kn) (ft) (0F) 

17 202 B07 10. 0 25,300 34.8 40.6 14,586 15.380 187. 8 78. 2 3027 93 
17 202 B07 10. 5 25,300 39. 2 29.0 14,586 14.445 187. 1 86. 2 3269 89 
17 202 B07 10.7 25,200 21.8 39.2 13,532 14,620 188. 4 91.7 3269 89 
17 202 B07 10. 9 25,200 56.6 14.5 15,640 10,292 185. 9 86. 8 3124 87 

18 202 B07 15.4 24,900 37.7 43.5 14,697 15,731 189. 7 68. 2 3286 91 
18 202 B07 16. 0 24,900 27.6 29.0 13,865 14.737 189.7 95. 5 3298 87 
18 202 B07 16.5 24,800 42.0 1.4 14.863 10.526 186. 5 88.2 3217 87 

19 202 B07 19.2 24,600 47.8 7.2 15,362 12.866 189. 0 0. 0 2458 96 
19 202 B07 19.4 24,600 31. 9 33.4 14,253 15.380 190. 3 0. 0 2481 96 
19 202 B07 19. 8 24,600 49. 3 33.4 14,974 15.205 191. 5 50. 1 2767 97 
19 202 B07 20.6 24,500 33.4 45.0 13,920 15.848 189.7 84. 8 3353 90 
19 202 B07 23.7 24,300 7.2 59.4 10,371 17,076 194. 1 0. 0 2371 94 

20 202 B07 46.2 22,600 21.8 27.6 12,867 14.386 186. 5 89. 0 3404 87 
20 202 B07 46. 4 22,600 10.2 16.0 10,704 10.409 171. 4 61.2 2892 87 
20 202 B07 46. 9 22,600 42.0 4.4 14,531 12,573 193. 4 7. 2 2548 93 
20 202 bu < 47. 3 22,500 14. 5 58.0 11.868 16,491 179. 6 0. 0 2662 96 
20 202 B07 47.6 22,500 66.7 2.9 15.862 12.047 193. 4 0.0 2865 99 
20 202 B07 48. 1 22,500 33.4 33.4 13,920 15.380 197. 2 0. 0 2820 99 

21 202 B07 62.4 21,400 40.6 29.0 14.142 14.328 187. 1 79. 2 3970 88 
21 202 B07 62.9 21,400 29.0 36.2 13.421 14,971 185. 3 74.4 4146 86 
21 20? B07 63.5 21,300 36.2 26. 1 13.976 14.211 186. 5 67. 1 4227 84 
21 202 B07 63. 8 21,300 27.6 33.4 13.421 14.912 187. 8 57. 0 4213 82 

22 202 BOB 65.9 24,800 26. 1 27.6 13.255 14.152 188. 4 84. 4 2550 82 
22 202 B08 67.2 24.700 10.2 65.2 10.038 If .018 188. 4 7. 2 2159 87 
22 202 B08 68. 1 24,700 36.2 39.2 14.087 15.556 190. 9 0. 0 2343 90 

23 202 B01 93.8 24,400 29. 0 24.6 14.198 14,620 188.7 0. 0 2926 90 
23 202 B01 94. 0 24,400 63.8 4.4 16.028 8  012 182. 4 0. 0 3070 92 
23 202 B01 94. 9 24,300 23.2 33.4 13.810 15.322 191. 2 0. 0 3131 93 
23 202 B01 95. 3 24,300 40.6 20. ? 14.976 14,269 189. 3 1. 9 3214 94 
23 202 B01 95.9 24,300 30.4 34.8 14.364 14.912 189. 3 79.2 3500 88 
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TABLE I -  contd. 

Out- 
Den- side 

Sam- Gross Torque Gas Pr oducer Main Air- sity Air 
pie Acft Fit Time Wt 1 2 1 2 Rotor speed Alt Temp 
No. No. No. (min) (lb) (pet) (pet) (rpm) (rpm) (rpm) (kn) (ft) (0F) 

24 202 B03 9. 1 25.400 20. 3 33.4 13.865 14,912 188.7 90. 3 4212 81 
24 202 B03 9. 3 25.400 1.4 46.4 11.480 15,848 184. 9 100. 0 4248 81 
24 202 B03 9.5 25.300 26, 1 27.6 13.920 14, 386 183. 0 101. 0 4092 81 
24 202 B03 9.6 25.300 36.2 14.5 14.640 13,100 183. 0 97.7 3984 81 
24 202 B03 9. 9 25,300 21.8 30.4 13,865 14,854 185.6 94. 2 3876 81 

25 203 A33 0. 0 29.200 1.2 51.3 11.864 15,364 189.7 0. 0 1004 69 
25 203 A33 0. 3 29.200 52.5 22.4 15.395 13,451 190.4 10. 7 136 3 73 
25 203 A33 0.7 29.200 47. 5 48.7 14,843 15.590 189.7 73.9 2007 77 

26 203 A35 -1.6 32.800 20.0 78.9 13, 188 12,156 192.4 0. 0 -540 49 
26 203 A35 -1. 3 32,800 25.0 5.2 13,574 11.312 193.0 0. 0 -473 50 
26 203 A35 0.0 32,800 23.7 56.6 13,243 15.589 189.7 0. 0 -575 49 
26 203 A35 1. 3 32,800 47.5 39.5 14,788 14.576 191.0 65. 8 -516 48 

27 203 A33 7. 5 28,700 30.0 39.5 14.788 14,577 191.7 0.0 1299 72 
27 203 A33 7.9 28.700 21.2 46. 1 13.409 15.646 193. 7 0. 0 1363 73 
27 203 A33 8.5 28.700 37.5 29.0 14.512 14,577 191. 0 0. 0 1426 74 

28 203 A33 42.5 26,400 31.2 31.6 14,181 14,577 193. 0 0. 0 1 363 73 
28 203 A33 43.0 26,300 6u.2 2.6 16,609 5,403 201.8 0.0 14 90 75 
28 203 A33 43.6 26,300 33.8 34.2 14,457 14,689 195.8 0.0 1541 76 
28 203 A33 43.8 26,300 16.2 50.0 12,967 15,815 196.4 0. 0 1541 76 
28 203 A33 44. 5 26.200 33.8 34.2 14,899 14,070 195. 1 0. 0 1490 75 

29 203 A33 58.4 25.300 32. 5 25.0 13,961 14,014 195. 1 92. 5 1985 66 
29 203 A33 58,9 25.300 51.2 3.9 15,230 8, 104 199.8 86. 4 2032 66 

30 203 A 35 57. 1 29.600 36.2 25.0 13,739 13,732 193.7 97.6 -8 52 
30 203 A35 57.7 29.700 30.0 5.3 13,353 10,805 193.7 76. 9 429 51 
30 20 3 A35 58,6 29.500 45.0 34.2 14,402 14,070 193.7 0. 0 103 55 

31 203 A33 60. 3 25.200 1.2 31.6 11.257 14.970 193.7 0. 0 1265 72 
31 203 A33 60. 3 25.200 33.8 22.4 14,236 14.014 199. 1 0. 0 1265 72 
31 203 A33 60.4 25,200 56.2 0.0 16,113 11.087 199. 1 0.0 1392 74 
31 203 A33 60.7 25,100 33.8 26.3 14,457 14,408 201.8 0.0 1519 76 
31 203 A33 61.2 25.100 25.0 35.5 14,016 14,970 196.4 0. 0 1519 76 

32 203 A35 104. 5 26.800 3^.5 23.7 13,684 13,394 195.0 87.4 1485 59 
32 203 A35 105. 1 26.700 22.5 18.4 13, 133 11,087 193.7 62. 0 1062 59 
32 203 A35 106.0 26.700 40.0 32.9 14,512 14,023 196.4 0. 0 739 64 
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TABLE I - contd. 

Out- 
Den- side 

Sam - Gross Tor que Gas Pr oducer Main Air- sity Air 
pie Acft Fit Time Wt 1 2 1 2 Rotor speed Alt Temp 
No. No. No. (min) (lb) (pet) (pet) (rpm) (rpm) (rpm) (kn) (ft) {0F) 

33 203 A33 89.2 23.200 6.2 42. 1 11.919 15,364 191.7 0. 0 1753 77 
33 203 A33 89. 3 23,200 36.2 17. 1 15,119 13,338 198. 4 0. 0 1788 77 
33 203 A33 90.2 23, 100 41. 2 32. 9 14,457 14,464 192. 4 76. 3 2828 69 

34 203 A34 30. 8 31,500 33.8 34. 2 14,568 14,577 194. 4 0.0 -219 55 
34 203 A 34 31. 8 31,500 2. 5 82. 9 11,367 16,546 185. 0 0. 0 -262 54 
34 203 A34 31. 5 31,500 37. 5 38.2 15,230 14.126 193. 0 0. 0 -240 54 
34 203 A34 31.7 31,500 51.2 38.2 16.002 14,014 193.7 82.5 -291 51 
34 203 A34 32.7 31,400 40. 0 25.0 14,402 13,957 179.8 53.0 -8 49 

35 202 A 36 7.9 28,700 25.9 16.5 12,807 13.780 189. 3 82.6 267 54 
35 202 A36 8.7 28,600 12. 3 30. 3 10,483 14,929 186.8 62.0 97 53 
35 202 A36 10. 1 28,600 13.6 50. 9 10, 159 16,339 184.0 0.0 42 56 
35 202 A36 11.6 28,500 31.3 0.0 13.077 10,909 191.0 0.0 131 57 

36 203 A60 1. 1 28,800 26.3 32.9 14.788 14,914 193.0 0.0 1542 78 
36 203 A60 2.2 28,700 0.0 69.7 8,221 17,053 186. 0 0.0 1542 78 
36 203 A60 4.2 28,500 28.8 32.9 14.678 14,858 189. 1 0.0 1645 78 

37 203 A20 49. 1 26,000 32.5 30. 3 14.181 13,563 191.8 100.9 1255 42 
37 20 3 A20 51.2 25,000 18.8 42, 1 12,691 14,858 191.8 105.0 1371 43 
37 203 A20 51.8 25.800 22.5 39.5 13.795 13,901 187. 1 98.5 1462 42 
37 203 A20 53.2 25,700 23.8 34.2 13,574 13,957 193.0 109.0 1468 41 

38 203 A21 25. 3 24,000 21. 3 30.2 13,519 13,901. 193. 2 90.7 605 48 

1 38 
203 A21 26.8 23,900 16. 3 35.5 12.691 14,464 193. 2 94. 3 46 3 48 

1 38 203 A21 28. 0 28.900 32.5 25.0 11,367 10,806 193. 8 93.2 581 48 

39 202 A10 .6 32,400 11.0 0.0 12,916 10,805 188.0 0. 0 1560 35 
39 202 A10 .2 32,400 8.2 28.6 12.429 15,555 191.8 0.0 1475 84 
39 202 A10 . 3 32,400 37.2 4. 1 15,239 11,536 189. 9 0.0 1475 84 
39 202 A10 .9 32,400 19. 1 19. 3 13,618 14,303 193. 0 3. 1 1520 84 

40 203 A31 53. 1 26.200 35.0 26.3 13,961 13,507 193.7 91.8 846 47 
40 203 A31 54.0 26.100 46.3 2.6 15.947 8,386 193.7 88.6 381 48 
40 203 A31 55.8 26.000 38.8 25.0 14,236 13,563 197. 1 6. 3 -766 46 

41 203 A31 21.2 28.000 32.5 38.2 14,347 14,126 186.7 0.0 568 52 
41 203 A31 21.6 27,900 1. 3 79.0 8, Hi 16,265 188.7 0.0 568 52 
41 20 3 A31 21.9 27,900 33.8 35.5 14,292 13.395 188. 1 0.0 522 52 
41 203 A31 22.0 28,000 62.5 3.9 16.444 10,299 196. 0 0. 0 522 52 

41 203 A31 33. 0 27,300 36. 3 36.8 13,850 14,070 190.7 0.0 -589 51 

c 
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TABLE I - contd. 

Sam Gross Tor que 
pie Acft Fit Time Wt 1 2 
No. No. No. (min) (lb) (pet) (pet) 

42 205 A24 16.2 27,800 39. 1 23.2 
42 205 A24 17.0 27,700 4. 4 55. 1 
42 205 A24 18. 1 27,700 37.7 29.0 

43 203 A31 84. 3 24,400 23.8 34.2 
43 203 A31 85. 1 24,400 43.8 10.5 
43 203 A31 85.5 24,400 23.8 36.8 
43 203 A31 86.0 24,300 27.5 30. 3 

44 205 A25 3. 5 28,500 45.0 33.4 
44 205 A25 4.7 28,400 60. 9 13. 1 
44 205 A25 7.4 28,100 42. 1 21.8 

45 203 A31 95.4 23,800 32. 5 38.2 
45 203 A31 95.8 23,800 0.0 65.8 
45 203 A31 96.3 2%700 25.0 35.5 
45 203 A31 97.3 23,700 30. 0 30. 3 

46 202 B09 23. 1 40,500 42. 1 52.2 
t6 202 B09 23.7 40,400 68.2 0.0 
46 202 B09 24.8 40,400 33.4 39.2 

47 203 A49 8.6 25,500 36. 3 19.7 
47 203 A49 12. 1 25,400 33.8 5. 3 
47 203 A49 12. 5 25,300 37.5 26.3 

48 202 B09 33. 3 39,800 56.6 55. 1 
48 202 B09 33.9 39,700 71. 1 5.8 
48 202 B09 34.5 39.700 30.5 56.6 
48 202 B09 34.6 39,700 74. 0 0.0 
48 202 B09 36. 1 39,600 27.6 23.2 

49 203 A54 9.7 28,500 31. 3 27.6 

49 203 A54 12.7 28,300 6.3 25.0 

49 203 A54 13. 2 28,300 36.3 36.8 

50 203 A54 17.7 28,000 40.0 40.8 

50 203 A54 18. 3 28,000 85.0 1. 3 
50 203 A54 21.5 27,800 27.5 30. 3 

Gas Producer _ 

(rpm) 
1 

(rpm) 

Den- 
Main       Air-       sity 
Rotor     speed       Alt 
(rpm)      (kn) (ft) 

Out- 
side 
Air 

Temp 
(0F) 

13,809 13.509 189.0 
6,045 15,380 188.6 

13,809 13,626 189.0 

12,967 13.957 191.7 
15,064 10,693 193.7 
13,795 13,620 195. 1 
13,464 13,845 193. 1 

13,754 13,918 188.6 
14,808 12,105 182.9 
13.532 13,626 188.6 

14,347 14,126 193.7 
6,511 15,477 203.2 

13,795 13,620 200.4 
13,961 13,620 189.0 

15,085 15.907 189.8 
16,250 10.351 190.5 
14,531 15.322 190.5 

14,347 13.732 193.8 
14.457 11.763 192.5 
14.568 14.014 194.5 

15.806 16,491 188.6 
16,583 11,871 192.5 
14,863 16,374 194.9 
17.193 10.877 187.3 
13.920 14.620 189.2 

13.795 14,126 190.0 
11.533 13,901 189.8 
14,512 14,914 191.0 

14,678 14,745 191.0 
17,051 7,935 180.0 
13,795 14,070 192.0 

62.0 4120 
55.0 4319 
74.7     4878 

82.6 
88.6 
92. 1 
76. 9 

0. 0 
0. 0 
0.0 
0. 0 

382 
228 
339 
471 

93.0        463 
98.7 1193 
83.8 1231 

-64 
68 

111 
•242 

82.6 3737 
83.2 3698 
85.0 3453 

80.2 3046 
9.4 2064 
0.0 2092 

0.0 2559 
63.7 2888 
74.6 3611 
74.6 3684 
72.6 3582 

91.0 1186 

29.2 556 
0.0 666 

0.0 506 
22. 0 860 
72.6 962 

94 
93 
93 

51 
48 
50 

49 

61 
61 
58 

57 

59 
60 
55 

71 
70 

69 

77 
84 
85 

70 

69 
69 
69 
67 

60 

64 
68 

65 
68 
63 
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TABLE I - condt. 

Out- 
Den- side 

Sam Gro 3s Torque Gas P -cducer Main Air- sity Air 
pie Acft Fit Time Wt 1 2 1 2 Rotor speed Alt Temp 
No. No. No. (min) (lb) (pet) (pet) (rpm) (rpm) (rpm) (kn) (ft) (0F) 

51 202 Bll 21. 0 25,200 30. 5 42. 1 14,586 15,263 189. 2 112.0 3696 75 
51 202 Bll 21.4 25,200 52. 2 1. 5 15.584 10,584 184. 2 99.8 3634 74 
51 202 Bll 22. 0 25, 100 20. 3 17.4 13.588 13,743 190. 5 79. 0 2298 75 
51 202 Bll 23. 8 25.000 23.2 30. 5 12.257 16,550 188. 0 0.0 3286 78 
51 202 Bll 24. 4 25.000 26. 1 33.4 14,142 15,322 193. 6 0. 0 3312 79 

52 203 A57 50. 2 26,800 53.8 47. 4 15,671 15,702 190. 0 0.0 1204 75 
52 203 A57 56.7 26,500 82. 5 2.6 16,995 10.243 199. 0 0.0 1009 73 
52 203 A57 60. 3 26,400 42. 1 46. 0 15,781 14.914 195.2 0.0 3418 74 

53 202 B12 14.0 38, 100 33.4 42. 1 14,475 15.263 188.0 94. 3 4217 75 
53 202 B12 14.5 38.100 65. 3 1. 5 16.083 10,409 182.9 91. 0 4180 74 
53 202 B12 17. 0 37,900 27.6 37. 1 14,309 15.263 186.7 82.6 4374 73 

54 202 B12 59.8 35,000 23.2 27.6 13,976 14.678 188.0 49.9 4121 76 
54 202 B12 60. 3 35.000 69.6 0. 0 16,416 8.714 188. 0 47.2 4063 78 
54 202 BI2 61. 3 35.900 20. 3 27.6 13.865 14,678 187. 3 42.0 3953 77 

55 203 A57 72. 8 25.800 31. 3 32. 9 14.071 14,126 191.8 0.0 923 72 
55 203 A57 73.4 25.700 57. 5 1. 3 15,937 6, 134 200.0 0.0 998 73 

56 202 B13 47. 8 26.500 23.2 16.0 13,477 13,392 188.0 81.4 4489 79 
56 202 B13 49.4 26,300 1.5 66.7 8.264 17, 135 191.7 0.0 3689 83 
56 202 B13 50.6 26.400 31.9 30. 5 14,475 14,854 189.2 0.0 4186 90      j 

57 203 A60 67.5 24,000 22.5 26.3 14,126 14,577 192.5 78.8 2681 77 
57 203 A60 67.9 24.000 56. 3 0.0 16, 388 10,637 193.8 83.2 2720 78 

58 203 A61 . 1 26.000 25. 0 29.0 14,843 14,858 189.8 0.0 307 56 
58 203 A61 .6 26,000 2.5 51. 3 12,471 16,265 185. 1 0.0 307 56      | 
58 203 A61 1. 3 26,000 22.5 32.9 14,457 14,577 189. 1 0.0 342 56      | 

59 202 A77 28.2 27,400 24.7 5. 8 13,421 12.983 186.7 68.4 1867 79 
59 202 A77 28.6 27,400 34.8 0.0 14.364 9,942 182. 3 47.2 1559 79 
59 202 A77 29.4 27,400 79.8 0.0 16.139 10.760 180.4 6.2 1246 78 

59 202 A77 29.6 27,300 45.0 45.0 15.252 15.497 186.7 0.0 1138 77 

59 202 All 29.9 27,300 18.9 39.2 14.863 14,094 184.8 0.0 1052 76 

J 
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Table II is a tabulation of all sample points as related to various flight 
modes.    Figure 50 (see page 42 ) shows the percentage of time that the 
torque splits occur in the various flight modes.    It was observed that over 
50 percent of the torque splits occurred at takeoff or landing. 

This set of data samples may or may not be representativ i of normal 
mission assignments for the CH-54A.   It would be advisable to compare 
the mission spectrum from which the foregoing samples were collected 
with that of a larger time history before reaching any firm conclusions 
about engine load sharing. 

TABLE II 

TABULATION OF FLIGHT MODES DURING TORQUE SPLITS 

Sample Sampl e Sample 
No. Condition No. Cor idition No. Condition 

1 T 21 C 41 H 
2 T 22 L 42 C 
3 T 23 T 43 C 
4 C 24 C 44 c 
5 T 25 T 45 L 
6 H 26 T 46 c 
7 C 27 H 47 L 
8 H 28 H 48 T 
9 H 29 C 49 L 

10 L 30 C 50 L 
11 L 31 T 51 L 
12 C 32 L 52 T 
13 C 33 T 53 C 
14 L 34 T 54 C 
15 C 35 L 55 H 
16 C 36 T 56 L 
17 c 37 C 57 C 
18 c 38 C 58 H 
19 T 39 T 59 L 
20 L 40 L 

T - Take off; L - Landing; C - C ruise H • - Hover 
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CONCLUSIONS 

It is concluded that: 

1. Torque splits of 40 percent or greater occur frequently enough 
to justify further study. 

2. Torque splitting occurs most frequently during takeoffs and land 
ings,   which are the critical flight times. 

3. There exists a correlation between gas producer rpm and engine 
torque splitting. 
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V 

Altitude 
O-IS     PSIA 

Statham    Model 
PA-731-TC-15-350 

Airspeed 
0±5      PSI 

Statham Model 
PM-96-TC je 5-350 

Accel'erometer 
5G 

Statham Model 
A    3Ü1-25-35Ü 

Collective 
Stick Position 
Lockheed Model 

WR 8-15B 

Tachometer 
Generator 

Main Rotor RPM 

Aircraft's 
28-Volt, 

Power 
Supply 

DC 

1      Cyclic Stick      j 
I          Position          I 

Lockheed Model 
MR 8- ■15B 

Thermoresistor 
Minco Model 

S-6A 
Outside Air Temp. 

Torque Amplifier 

No.   1  Lngine 

Torque Amplifier 

No.   2  Lngine 

Tachometer Gen- 
erator - uas 
Froducer RPM 
No.   1  Lng ine 

Tachometer Gen- 
erator - Gas 
Producer RPM 
No.  2 Lngine 

BSP  Bridge Balance 
Unit Model 6-104 

Auxiliary 
Control Box 

Century Oscillograph 
Recorder, Type 409B 

Figure 1.    Block Diagram of CH-54A Instrumentation System. 

18 

•*■ 



19 



u 

.) 

^ z 
oc o 
< «J 
x. UJ 

o 
Z at 
— UJ 
r o. 

P: A 
O      UJ ui 
t- oe o 
- => 3 
z    co »- 
O      t/l  — 
r    UJ K 

oe _i 
ui    a. < 
o < 

o > 

y 

s-i 

< 

0 > a. o 

N 

w 
c m 

— I 
0 - 
a. _i 

u 

■ i 

c u. 
— o 
0 UJ 
a. * 

< 

u 
o 
u 

a 
H 
QO 
0 

O 
to 

o 

w 

CO 

20 



100 -i ^.2* 

\ 

80 - - \ 

\ 
UJ 

\ 

o \ 
o 
>- \ :b.3* 

- 

\ 

\ 

\ 

\ 
2U - 

0   - 

\ 

\ 

\ 

\ \ 

6.Lit n 
\ s 

i.h» 

120-t- 

lüü-f- 

60 + 

60-t- 

"■    iio 4- 

20 4- 

0-10 10.1-20 20.1-30        30.1-140 1.0.1-bO       SO.I-bO 60.1-70     ,J0.\-h0        b0.1-9C       90.1-100 

KAItCtS  oF   TORltUt   SPLITS   IN   PfhCtNT 

Figure 4.    Summary:    Torque Splits Versus Frequency 
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Figure 37.    Airspeed Versus Frequency of Occurrence at 30- 
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During Torque Splits. 
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